Membrane potential regulates inositol 1,4,5-trisphosphate-controlled cytoplasmic Ca2+ oscillations in pituitary gonadotrophs.
The influence of membrane potential (Vm) on cytoplasmic calcium ([Ca2+]i) oscillations during the sustained extracellular Ca(2+)-dependent phase of the Ca2+ signaling response to gonadotropin-releasing hormone (GnRH) was analyzed in cultured pituitary gonadotrophs. In agonist- and inositol (1,4,5)-trisphosphate (Ins(1,4,5)P3)-stimulated cells, sustained [Ca2+]i oscillations were extinguished by hyperpolarization after 3-15 min despite the availability of Ca2+ in the extracellular medium. Single depolarizing pulses transiently restored the amplitude of the sustained spiking in a dihydropyridine- and extracellular Ca(2+)-sensitive manner. The responses to depolarization showed a marked dependence on Vm that was correlated with the steady-state inward Ca2+ current. In addition, repetitive application of brief depolarizing pulses modulated the frequency of agonist- and Ins(1,4,5)P3-controlled spiking; depolarization pulses at frequencies lower than the intrinsic rate of episodic Ca2+ release triggered large transients between the autonomous spikes, whereas higher frequencies of depolarizing pulses overcame the original Ca2+ spiking frequency. These extrinsically driven and extracellular Ca(2+)-dependent oscillations were sensitive to the Ca(2+)-ATPase blocker, thapsigargin, but not to ryanodine. On the other hand, spontaneous firing and application of depolarizing pulses to nonstimulated cells failed to induce thapsigargin-sensitive oscillations. These findings demonstrate that the pattern of Ca2+ signaling in gonadotrophs does not depend exclusively on the Ins(1,4,5)P3 concentration, but also on the excitable status of the cell. Such modulation of the Ins(1,4,5)P3-controlled Ca2+ signaling system by changes in Vm could provide a mechanism for the integration of multiple inputs that utilize diverse signal transduction pathways.